, Baltazard, Bou6, and Siadat (1958), Hahon (1958) , Vieuchange, deBrion, and Gruest (1958) , Hahon and Kozikowski (1959) , Marennikova, Gurvich, and Yemansheva (1959), and Pirsch and Mika (1960). Apparently no study has been made on the ability of variola virus to grow in a suspended cell system. The work reported here describes the successful propagation of variola virus in spinner cultures of mammalian cells, and it also concerns some factors which influence its growth.
reported here describe the successful propagation of variola virus in spinner cultures of mammalian cells, and the factors which influence its growth. Five established cell lines were used for the propagation of variola virus in a spinner culture system. Low doses of virus did initiate an infection but virus yields did not approach those obtained when an intermediate inoculum was used. Although the nonviable cell population remained low during the course of infection with an intermediate amount of virus, with an inoculum of 105 infectious units per ml or higher, the percentage of nonviable cells increased rapidly and by the sixth day after infection the population was totally nonviable. Intracellular replication of variola virus occurred early and rapidly in a spinner culture of guinea pig lung cells, whereas the liberation of virus into the suspending medium was a more gradual process. Several complete medium changes tend to maintain a suitable environment for the infected cell culture resulting in fairly high and constant viral titers over a period of 7 days.
The propagation of variola virus in monolayer cultures of various tissue cells has been investigated by Bou6 and Baltazard (1956) , Baltazard, Bou6, and Siadat (1958) , Hahon (1958) , Vieuchange, deBrion, and Gruest (1958) , Hahon and Kozikowski (1959) , Marennikova, Gurvich, and Yemansheva (1959) , and Pirsch and Mika (1960) . Apparently no study has been made on the ability of variola virus to grow in a suspended cell system. The work reported here describes the successful propagation of variola virus in spinner cultures of mammalian cells, and it also concerns some factors which influence its growth.
MATERIALS AND METHODS
Virus seed. The Yamada strain of variola virus, characterized by Hahon, Ratner, and Kozikowski (1958) , was used throughout these studies. A 10 % suspension in heart infusion broth (Difco)I was pre-1 Difco Laboratories, Inc., Detroit, Mich. pared from infected chorioallantoic membranes (CAM) as a fifth egg passage. This preparation had a titer of 1.4 X 107 infectious units (IU) per ml.
Tissue culture. The following cell lines were employed in these studies: guinea pig lung, Maben, embryonic human lung, L, and Chang human liver. Generally, the growth medium consisted of medium 199 containing 20 % normal horse serum. The substrate for Chang human liver cells was 0.5 % lactalbumin hydrolyzate in balanced salt solution (Hanks) supplemented with 10 % normal calf serum.
All spinner culture studies were carried out using an adaptation of the culture apparatus described by McLimans et al. (1957 Westwood, Phipps, and Boulter (1957) .
For studies concerned with the growth kinetics of variola virus in a spinner culture of guinea pig lung The growth pattern of variola virus in a spinner culture of guinea pig lung cells is shown in Fig. 1 . A slight rise in virus titer with no apparent early lag was observed within the first 2 days. A plateau maintained for the next day was followed by a rapid increase until peak titer was reached on the fifth day. The percentage of nonviable cells remained low during this entire period; this pattern paralleled that obtained in the uninfected cell-culture control. Nonviable cells in both infected and uninfected cultures varied usually from 5 to 20 %.
Effect of viral inocula. In preliminary experiments low viral inocula, of the order of 10' to 102 IU per ml, were used to determine whether small amounts of virus would yield appreciable titers in a spinner culture system. The results showed that a 10-to 100-fold increase in virus titer was obtained with these inocula after prolonged cultivation. In comparison, when a viral inoculum of over 105 IU per ml was employed, a maximal titer of 1 X 107 IU per ml was reached on the third day after infection (Table 2) . Under these latter coliditions, the number of nonviable cells in the infected culture increased dramatically until 50 % of the cell population was nonviable. By the sixth day, this cell population was totally nonviable. No such increase in the nonviable population of the uninfected control culture was detected.
Growth kinetics of the virus. The data showing the pattern of virus replication in the various components of an infected spinner culture of guinea pig lung cells [VOL. 9 VARIOLA VIRUS IN MAMMALIAN CELL CULTURES are presented in Fig. 2 . The viral titer of the supernatant fluid decreased tenfold within the first 12 hr. By 24 hr it reached the initial (0 hr) titer, followed by a steady increase until a maximal titer of 1.0 X 107 IU per ml was reached at 96 hr. Thereafter, a slow decline was noted to the termination of the experiment. In contrast, little or no increase in viral titer was observed in the disrupted cell milieu during the first 6 hr. However, from 6 to 24 hr postinfection, an 850-fold increase of intracellular virus was detected. A maximal titer of 9.5 X 101 IU per ml was obtained by 72 hr and this was followed by a gradual although consistent decline up to 168 hr. Effect of medium changes. Studies were made to determine what effect frequent medium changes would have on a spinner culture of guinea pig lung cells infected with an intermediate dose of variola virus. Complete changes (100 ml) were made 2, 4, and 6 days after infection. In addition to the usual daily samples of the intact culture, the following aliquots were prepared when medium changes were made: infected cells (after centrifugation and resuspension in fresh medium) and supernatant fluids after centrifugation (absence of tissue cells). There appeared to be no discernible differences in titers between intact cultures and the infected cells resuspended in fresh medium after 2 days (Table  3) . However, at the same time, supernatant fluid contained about 75-fold less virus than the resuspended cells. After 4 days the titers were nearly equal but by the sixth day some increase in extracellular virus was noted (5.5-fold (Pirsch and Mika, 1960) . It is also reminiscent of the observation made 1961] by Mayyasi, Schuurmans, and Brown (1959) (Brown, Mayyasi, and Officer, 1959) .
It has been noted with inocula less than 105 IU per ml that the peak titer of virus attained was generally proportional to the inoculated dose. This is not the pattern found in the usual bacterial or viral growthcurve studies, although delays may be evident when lower inocula are used, eventually equivalent peak titers are obtained. With inocula in excess of 105 IU per ml, destruction of the host-cell population prevents proportionately greater yields of virus.
Intracellular replication of variola virus occurred early and rapidly in a spinner culture of guinea pig lung cells, although the liberation of virus into the suspending medium was a more gradual process. The use of larger inocula and a more efficient method of adsorption failed to affect peak titers attained. No effort was made to demonstrate the amount of virus adsorption nor was any attempt made to demonstrate the presence of an eclipse phase. The latter phenomenon could only be expressed during the initial 6 to 7 hr postinfection and would require frequent and shorter time intervals for sampling and titration of disrupted cells.
It would appear that several complete medium changes tend to maintain a suitable environment for the infected cell culture resulting in fairly high and constant viral titers over a period of 7 days. The effect of medium changes on tissue cells infected with variola virus suggested that a close cell-virus association existed for at least 2 days in the culture. By the sixth day, a dissociation apparently occurred resulting in an increase of extracellular virus and a concomitant decrease in cell-associated virus. Whether this association under these experimental conditions truly involved intracellular virus instead of virus loosely bound or adsorbed to the cell membrane is presently not known.
